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(57) [Abstract] 

[Object] To make it unnecessary that clients consider the number of file servers 

distributed on a network and the connection state of storage devices. 

[Means] Distributed servers 10-1 and 10-2 are provided on a network 3, and a virtual 

1 0 distributed file system 1 1 is distributed and mounted on each server. When modules 
110-1 and 110-2 on the servers 10-1 and 10-2 constituting this system 11 receive a 
multi-cast file operation request from a client 2, determine whether the own server is 
the optimum server capable of processing the request, based on mapping tables 14-1, 
14-2 between the virtual distributed file system 11 and all local file systems 13-1 and 

1 5 1 3-2, or server information holding sections 15-1,1 5-2 that hold server information of 
all servers, and allow a local file system of the corresponding server to perform the 
requested file operation based on the determination result. 

[What is claimed is] 

20 [Claim 1 ] A virtual distributed file server system comprising a plurality of file 

servers capable of multi-casting and distributed on a network, comprising: 

a virtual distributed file system distributed and mounted on the respective file 
servers and independent of the actual storage configuration, which manages files in all 
file servers in an integrated manner; 

25 a local file system mounted on each filer server respectively independently, for 
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managing the storage configuration peculiar to the respective servers; and 

a mapping table provided in the respective file servers for holding mapping 

information between the virtual distributed file server system and the local file system 

that actually manages files, with respect to respective files managed by the virtual 
5 distributed file system in an integrated manner; 

wherein the virtual distributed file system comprises management modules 

respectively provided in the respective file servers, and each management module 

commonly receives a multi-cast file operation request from a client, and refers to the 

mapping table in the own server in response to the request, to determine whether the 
1 0 own server is the optimum server capable of processing the request, and only when it 

determines that the own server is the optimum server, allows the local file system in the 

corresponding server to perform the requested file operation. 

[Claim 2] A virtual distributed file server system comprising a plurality of file 

servers capable of multi-casting and distributed on a network, comprising: 
15 a virtual distributed file system distributed and mounted on the respective file 

servers and independent of the actual storage configuration, which manages files in all 

file servers in an integrated manner; 

a local file system mounted on each filer server respectively independently, for 

managing the storage configuration peculiar to the respective servers; 
20 a mapping table provided in the respective file servers for holding mapping 

information between the virtual distributed file server system and the local file system 

that actually manages files, with respect to respective files managed by the virtual 

distributed file system in an integrated manner; and . 

a server information holding unit provided in the respective file servers, which 
25 holds, with respect to all file servers, server information including at least one of 
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information indicating unused capacity of a storage device in the server, and 
information indicating the load status of the server, 

wherein the virtual distributed file system comprises management modules 
respectively provided in the respective file servers, and each management module 
5 commonly receives a multi-cast file operation request from a client, and refers to the 
mapping table in the own server or the server information holding unit in response to 
the request, to determine whether the own server is the optimum server capable of 
processing the request, and only when it determines that the own server is the 
optimum server, allows the local file system in the corresponding server to perform the 

10 requested file operation. 

[Claim 3] The virtual distributed file server system according to claim 1 or 2, 

wherein when the file operation request is a file read request or a file write request, the 
management module refers to the mapping table in the own server, to determine 
whether the own server is the optimum server capable of processing the request, 

1 5 according to whether the corresponding file is under management of the local file 
system in the own server. 

[Claim 4] The virtual distributed file server system according to claim 2, wherein 

when the file operation request is a new file creation request, the management module 
refers to the server information holding unit in the own server, to compare the unused 
20 capacity of the storage device of the server or the load status of the server, for each of 
all servers, thereby determining whether the own server is the optimum server capable 
of processing the request. 

[Claim 5] The virtual distributed file server system according to claim 1 , wherein 

the management modules exchange the information of the mapping table in the own 
25 server and the information of the mapping table in the other servers by inter-server 
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communication, in order to make the contents of the mapping tables in all file servers 
agree with each other. 

[Claim 6] The virtual distributed file server system according to claim 2, wherein 

the management modules exchange the information of the mapping table in the own 
5 server and the information of the mapping table in the other servers by inter-server 
communication, in order to make the contents of the mapping tables in all file servers 
agree with each other, and exchange the information of the server information holding 
unit in the own server and the information of the server information holding unit in the 
other servers by inter-server communication, in order to make the contents of the 

1 0 server information holding unit in all file servers agree with each other. 

[Claim 7] The virtual distributed file server system according to claim 1 or 2, 

further comprising an each file load status information holding unit respectively 
provided in the respective file servers for holding the information indicating the load . 
status for each file under management of the server, wherein 

1 5 the management module detects a file having a load exceeding a first 

threshold from information held by the each file load status information holding unit in 
the own server, to replicate the file with respect to another optional file server by 
inter-server communication, and when there is a multi-cast read request of the file from 
a client, entrusts the replicated side with the processing with respect to the request. 

20 

[0004] 

[Problems to be solved by the Invention] 

In the computer network system, when files are shared by using a file server, it 
is general that the client side can see the volume configuration on the file server side. 
25 For example, when the server side increases a disk drive, the client side must 
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recognize the new volume and mount the volume. When the server itself is increased, 
complicated operation such as determination of the operation policy of the increased 
server or system setup and management becomes necessary, and the client side 
must recognize the new server and mount the new volume. 
5 [0005] In the file sharing system using the conventional file server (file server system), 
when an increase of a disk drive (storage device) or an increase of a server is required, 
there is a problem in that great cost is required for new setup and management both 
on the server and client sides. Further, according to the operation mode of the 
storage, it may be desired to expand only the capacity of a specific file system, or only 

10 an increase of the storage device and the server may not solve the problem. 
[0006] The present invention has been achieved in order to solve the above 
problems. It is an object of the present invention to provide a virtual distributed file 
server system in which clients can use a plurality of file servers distributed on a network 
as a single server, and clients are unnecessary to consider the number of servers and 

1 5 the connection state of the storage devices. 

[0028] 

[First Embodiment] 

Fig. 1 is a block diagram illustrating the configuration of a computer network 
20 system to which the virtual distributed file server system according to the first 
embodiment of the present invention is applied. 

[0029] In this figure, reference sign 1 denotes a virtual distributed file server system, 
and 2 denotes a client (a client computer) that requests file service to the file server 
system 1 . The virtual distributed file server system 1 is realized by using a plurality of, 
25 for example, two file servers (server computers) 10-1,1 0-2 distributed on a network 3. 
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In this figure, for the convenience sake, only one client 2 is shown, but it is general that 
a plurality of clients exists. 

[0030] Reference sign 11 denotes a virtual distributed file system, being the center of 
the virtual distributed file server system 1 , which is distributed and mounted on the 
5 respective file servers 10-1 and 10-2. The virtual distributed file system 11 manages 
files in all file servers 10-1 and 10-2 in an integrated manner, and provides the client 2 
with a virtual file system that does not depend on the actual volume configuration 
(storage configuration) of the respective file servers 10-1 and 10-2. 
[0031 ] The virtual distributed file system 1 1 has virtual distributed file modules 1 1 0-1 

10 and 1 1 0-2 distributed and mounted on the respective filer servers 1 0-1 and 1 0-2. The 
virtual distributed file modules 110-1 and 110-2 are management modules for virtually 
making the file servers look like one file system with respect to the client 2, while 
distributing and processing the request from the client 2 on the file servers 10-1 and 
10-2. ■ The virtual distributed file modules 110-1 and 110-2 have virtual distributed file 

1 5 interfaces 111-1 and 111-2, which is the center of the modules 11 0-1 and 1 1 0-2, and 
processes the request from the client 2, interfaces (local file interfaces) 112-1 and 
112-2 between local file systems 13-1 and 13-2 and the modules, and communication 
modules 113-1 and 113-2 that performs communication between the modules 110-1 
and 110-2 (communication between servers represented by communication for 

20 making the information of the mapping tables 14-1 , 14-2 and the server information 
agree with each other). 

[0032] The file servers 1 0-1 and 1 0-2 are connected to the client 2 via the network 3. 
The file servers 10-1 and 10-2 are mounted with local file systems 13-1 and 13-2 that 
manage the storage devices 12-1 and 12-2 (actual storage configuration), such as disk 
25 drives respectively connected to the servers 1 0-1 to 1 0-n f in addition to the virtual 
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distributed file system 11. 

[0033] The file servers 10-1 and 10-2 are provided with the mapping tables 14-1 and 
14-2 having the same content for associating the virtual distributed file server system 
1 1 1 with the local file systems 1 3-1 and 1 3-2. The data structure of the table 1 4-i (i = 1 , 
5 2) is shown in Fig. 2. 

[0034] Each entry to the table 14-i includes a file name registration field (file name 
field) 141 of a file managed by the virtual distributed file system 1 , a registration field (a 
virtual path field) 142 of a path (a virtual path) expressing a logical position (which can 
be seen from the client 2) of the file on the virtual distributed file system 1 , a registration 

1 0 field (position information field) 143 of position information expressing a physical 
position (which cannot be seen from the client 2) of the file on the storage, a 
registration field (permission information field) 144 of permission information for 
managing the access right (permission/prohibition) to the file, and a registration field 
1 45 of other various attributes. 

1 5 [0035] The (virtual distributed file module 1 1 0-i on the) virtual distributed file system 
11 refers to the mapping table 14-i having such a data structure, thereby obtaining 
location information, for example, in which file server 10-1 or 1 0-2 a certain file exists, 
and also obtain the attribute of the file, such as permission, according to need. 
[0036] The file servers 10-1 and 10-2 are provided with server information holding 

20 sections 1 5-1 and 1 5-2 having the same content. The server information holding 
section 15-i (i = 1, 2) is used, as shown in Fig. 3, for holding server information 
including information indicating the unused storage capacity (resource information) of 
(the storage devices 12-1,1 2-2 of) all file servers 1 0-1 and 1 0-2 constituting the virtual 
distributed file server system 1 , and information indicating the load status. 

25 [0037] The operation of the configuration shown in Fig. 1 will be explained next. In 
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the embodiment, it seems to the client 2 that not the local file systems 1 3-1 and 1 3-2 of 
the respective file servers 10-1 and 10-2, but the virtual distributed file system 11 is 
mounted. Therefore, when any file operation request occurs, the client 2 issues the 
same request to all file servers 10-1 and 10-2 on which the virtual distributed file 
5 system 11 is mounted. In this case, for example, according to a method such as 
using Internet protocol (IP) multi-cast, the client 2 side can issue a request without 
being aware of the number of the file servers. 

[0038] Upon reception of the request from the client 2, the file servers 10-1 and 1 0-2 
hand over the request to virtual distributed file modules 110-1 and 110-2 corresponding 
1 0 to the own server in the virtual distributed file system 11 . (The virtual distributed file 
interfaces 111-1 and 111-2 in) the modules 110-1 and 110-2 determine the request type, 
whether the request is a file read request or a file write (update) request, or a new file 
creation request or a directory creation request. 

[0039] It is assumed herein that the file operation request from the client 2 is a file 
1 5 read request or a file write request. The request is added with a file name of the 

requested file, and a path (virtual path) of the file on the virtual distributed file system 11 . 
[0040] When the file operation request from the client 2 is a file read request or a file 
write request, (the virtual distributed file interfaces 111-1 and 111-2 in) the virtual 
distributed file modules 110-1 and 110-2 refer to the mapping tables 14-1, 14-2 in the 
20 own server, by the file name and the virtual path of the requested file, to check if the 
operation-requested file is held in the own server (in the storage devices 12-1 , 12-2 
connected to the own server), based on the file name and the registration information 
of the position information field 143 in the entry of the tables 14-1 and 14-2. 
[0041] If the requested file is held in the own server, (the virtual distributed file 
25 interfaces 111-1, 111-2 in) the virtual distributed file modules 110-1, 110-2 access the 



actual file via the local file systems 13-1,1 3-2 in the own server by the local file 
. interfaces 111-1,111-2, and give a response to the client 2. On the other hand, if the 
operation-requested file is not held in the own server, the virtual distributed file modules 
110-1, 110-2 regard that another server is to respond, and do not give a response. 
5 [0042] On the other hand, if the request from the client 2 is a new file creation or a 
directory creation, the virtual distributed file modules 110-1, 110-2 refer to the server 
information holding sections 15-1,1 5-2 (not to the mapping tables 14-1 , 14-2). 
According to a predetermined algorithm, based on the server information of all servers 
held in the server information holding sections 15-1 , 15-2, only the virtual distributed file 

1 0 modules 1 1 0-i on either one server 1 0-i (i is 1 or 2) accepts the request from the client 2. 
Specifically, the virtual distributed file modules 11 0-i on the server 1 0-i compares the 
unused storage capacities indicated by the server information of all servers, and when 
it can be determined that the unused storage capacity of (the storage device 12-i of) 
the own server 1 0-i is the largest, accepts the request from the client 2. In this case, it 

1 5 is not always necessary that the information of the unused storage capacity of the 
corresponding server is included in the server information. 

[0043] The virtual distributed file module 11 0-i may compare the loads indicated by 
the server information of al servers, and when the load of the own server is the lowest, 
may accept the request from the client 2. In this case, it is not always necessary that 
20 the information of the unused storage capacity of the corresponding server is included 
in the server information. 

[0044] Other than this configuration, the virtual distributed file module 1 1 0-i may 
determine continuous areas that can be secured on the respective storage devices 
12-1 , 12-2, from the mapping information for each file in the mapping table 14-i (that is, 
25 from the status of use of the area in the respective storage devices 12-1 , 12-2), and 
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when continuous areas not smaller than the necessary size can be secured, and the 
storage device having the largest size is the storage device 12-i in the own server, may 
accept the request from the client 2. In this case, the server information holding 
sections 15-1 , 15-2 may not be always necessary. 
5 [0045] Further, an evaluation value may be obtained under the condition of at least 
two of the unused storage capacity, the load status, and the size of the securable 
continuous areas (complex condition), to determine whether the own server is the , 
optimum server for accepting the request. 

[0046] In the virtual distributed file module 11 0-i on the file server 1 0-i, upon reception 
1 0 of the request from the client 2 by the virtual distributed file interface 1 1 1 -i, the local file 
system 1 3-i creates a requested new file or a directory via the local file interface 1 1 2-i, 
thereby registering the corresponding entry information in the mapping tables 14-1 and 
14-2. 

[0047] After the new file or the directory has been created, the virtual distributed file 
1 5 module 1 1 0-i on the file server 1 0-i transmits the new entry information registered in the 
mapping table 14-i on the own server to the virtual distributed file module 110-j (j is 1 or 
2, provided that j * i) on all other servers 10-j, by the communication module 11 3-i via 
the network 3. (The virtual distributed file interface 1 1 1 -j in) the virtual distributed file 
module 110-j receives the entry information for the mapping table 14-i transmitted from 
20 the virtual distributed file module 1 1 0-i, and registers the entry information for the 
mapping table 14-i of the received other server 10-i, in the mapping table 14-j in the 
own server. Thus, since the virtual distributed file modules 110-1 and 110-2 on the file 
servers 10-1 and 110-2 exchange the newly registered (and updated) entry information 
for the mapping tables 14-1 and 14-2 with each other, the contents in the mapping 
25 tables 14-1 and 14-2 can be made to agree with each other. 



[0048] The virtual distributed file modules 110-1 and 110-2 on the file servers 1 0-1 
and 10-2 regularly update the server information (unused storage capacity and load 
status) of the own server, of the server information of the own server held by the server 
information holding sections 15-1 and 15-2 on the own server, and regularly transmit 
5 the updated server information to (the virtual distributed file modules 1 1 0-1 and 1 1 0-2 
on) all other servers, by the communication modules 113-1, 11 3-2) via the network 3, 
thereby making the contents of the server information holding sections 15-1 and 15-2 
in the respective file servers 1 0-1 and 1 0-2 agree with each other. In other words, the 
virtual distributed file modules 110-1 and 110-2 make the contents agree with each 
1 0 other by exchanging the server information regularly. 

[0049] By the above operation, the file servers 1 0-1 and 1 0-2 can be autonomously 
distributed and made to cooperate with each other. As a result, the client 2 can be 
provided with a virtual file server, without noticing that two (a plurality of) file servers 
actually exist. 

1 5 [0050] In the system example in Fig. 1 , a system having two servers has been 
explained, but even when the system includes three or more servers, the virtual file 
server can be also provided by the similar mechanism. ' 
[0051] 

[Second Embodiment] 

20 Fig. 4 is a block diagram illustrating the configuration of a computer network 

system to which the virtual distributed file server system according to the second 
embodiment of the present invention is applied, wherein like reference signs refer to 
like parts in Fig. 1. 

[0052] In Fig. 4, a virtual distributed file system 41 , being the center of a virtual 
25 distributed file server system 4, is distributed and mounted on n file servers 10-1 to 



1 0-n. As the virtual distributed file system 1 1 in Fig. 1 , the virtual distributed file system 
41 manages files in all file servers 10-1 to 10-n in an integrated manner, and provides 
the client 2 with a virtual file system that does not depend on the actual volume 
configuration of the respective file servers 1 0-1 to 1 0-n. The virtual distributed file 
5 system 41 has virtual distributed file modules 41 0-1 and 41 0-n that process the request 
from the client 2 on the respective file servers 1 0-1 to 1 0-n. The modules 41 0-1 and 
41 0-n have the same configuration as the modules 110-1 and 110-2 in Fig. 1 , and 
includes virtual distributed file interfaces 411-1 to 411-n, local file interfaces 412-1 to 
41 2-n, and communication modules 41 3-1 to 41 3-n. However, the communication 
1 0 modules 41 3-1 to 41 3-n in this embodiment are different from the communication 
modules 113-1 and 113-2 in Fig. 1 , and constructed so as to perform communication 
via a private communication path 5 described later. 

[0053] The file servers 1 0-1 to 1 0-n are connected with the client 2 via the network 3. 
The file servers 10-1 to 10-n are mounted with local file systems (local file systems) 
15 1 3-1 to 1 3-2 that manage the storage devices 1 2-1 to 1 2-2 respectively connected to 
the corresponding servers 1 0-1 to 1 0-n. The file servers 1 0-1 to 1 0-n are provided 
with the mapping tables 14-1 to 14-n and the server information holding sections 15-1 
to 15-2. 

[0054] The characteristic points of the virtual distributed file server system 4 having 
20 the configuration shown in Fig. 4 are that the number of file servers constituting the 
system is n, and that the n file servers 10-1 to 10-n are connected with each other by 
the private communication path 5 separately from the network 3, different from the 
virtual distributed file server system 1 shown in Fig. 1 . The private communication 
path 5 is, for example, Ethernet or Fibre Channel, but the physical layer is not 
25 particularly specified. As for the topology, the bus type topology is assumed in the 



example in Fig. 4, but it may be a loop or a switch. 

[0055] In the configuration in Fig r 4, in order that the file servers 1 0-1 to 1 0-n perform 
distribution and cooperation operation (by the virtual distributed file modules 41 0-1 to 
41 0-n in the virtual distributed file system 41 ), it is necessary to make the contents of 
5 the mapping tables 14-1 to 14-n and the server information holding sections 15-1 to 
15-n agree with each other between respective servers 10-1 to 10-n at all times, as 
can be figured out from the explanation in the first embodiment. However, if the 
agreement of information between the servers 10-1 to 10-n is realized via the network 
3 as in the first embodiment, when the number of file servers constituting the virtual 
1 0 distributed file server system 4 increases, the traffic (in the communication between 
servers) for making the information agree with each other increases, thereby 
deteriorating the throughput on the network 3. 

[0056] Therefore, in the second embodiment, as in the configuration shown in Fig. 4, 
the private communication path 5 exclusive for information exchange between servers 

1 5 is provided between the respective file servers 1 0-1 to 1 0-n. The private 

communication path 5 is used for inter-server communication performed by the 
communication modules 41 3-1 to 41 3-n in the virtual distributed file modules 41 0-1 to 
41 0-n in the virtual distributed file system 41 , that is, for inter-server communication for 
making the contents of the mapping tables 14-1 to 14-n and the server information 

20 holding sections 1 5-1 to 1 5-n agree with each other. 

[0057] In this embodiment, since the private communication path 5 is used, instead 
of the network 3, for the inter-server communication for making the contents of the 
mapping tables 14-1 to 14-n and the server information holding sections 15-1 to 15-n 
agree with each other, the load on the network 3 can be reduced. 

25 [0058] 



[Third Embodiment] 

In the first and the second embodiments, a configuration example of the virtual 
distributed file server system that distributes a plurality of file servers so as to cooperate 
with each other is shown. The configuration shown in Figs. 1 and 4 referred to in the 
5 first and the second embodiments is a static example with a specific number of servers. 
However, it is desired that the number of servers can be changed. 
[0059] Therefore, the third embodiment of the present invention in which the number 
of servers constituting the virtual distributed file server system can be changed will be 
explained, with reference to the accompanying drawings. Fig. 5 is a block diagram 

1 0 illustrating the configuration of a computer network system to which the virtual 
distributed file server system according to the third embodiment of the present 
invention is applied, wherein like reference signs refer to like parts in Fig. 4. 
[0060] First, it is assumed that a new file server 1 0-(n+1 ) is added, as shown in Fig. 
5(a), to the virtual distributed file server system 4 shown in Fig. 4, that is, the virtual 

1 5 distributed file server system 4 including n file servers 1 0-1 to 1 0-n. 

[0061] In this case, a virtual distributed file module 410-(n+1) on the virtual distributed 
file system 41 distributed also on the added file server 10-(n+1 ) locks the update of the 
entry information in the mapping tables 14-1 to 14-n, and the server information 
(including the resource information and the load status of each server) in the server 

20 information holding sections 15-1 to 15-n, as shown by reference sign A1 in Fig. 5(a), 
with respect to the file servers 1 0-1 to 1 0-n already constituting the virtual distributed file 
server system 4, by inter-server communication (for example, via a private 
communication path (not shown)). 

[0062] The module 41 0-(n+ 1 ) on the added server 1 0-(n+ 1 ) copies the whole 
25 information in the mapping table 14-1 and the server information holding section 15-1 , 



as shown by reference sign A2 in Fig. 5(b), to the mapping table 14-(n+1) and the 
server information holding section 15-(n+1) in the own server, from any one server of 
other file servers 10-1 to 10-n, for example, from the file server 10-1 , by inter-server 
communication. 

5 [0063] The module 410-(n+1) on the added server 10-(n+1) adds the server 
information indicating the resource and load status of the own server to the copied 
server information holding sections 15-(n+1), as shown by reference sign A3 in Fig. 
5(c). 

[0064] Thereafter, the module 41 0-(n+1 ) on the added server 1 0-(n+1 ) issues a 
1 0 request for making the server information agree with each other with respect to all 
other file servers 10-1 to 10-n, as shown by reference sign A4 in Fig. 5(d), by 
inter-server communication, and then releases the lock. 

[0065] By the series of operation, a new server (file server 1 0-(n+1 )) can be added 
dynamically with respect to the virtual distributed file server system 4 already 
1 5 constructed. In this case, for example, if information such as how to distribute the new 
resource with respect to the volume configuration of the current virtual distributed file 
server system 4 is added, the volume can be selectively expanded, according to need. 
[0066] 

[Fourth Embodiment] 

20 Fig. 6 is a block diagram illustrating the configuration of a computer network 

system to which the virtual distributed file server system according to the fourth 
embodiment of the present invention is applied, wherein like reference signs refer to 
like parts in Fig. 4. 

[0067] In Fig. 6, reference sign 6 denotes a virtual distributed file server system 
25 corresponding to the virtual distributed file server system 4 in Fig. 4. The 

15 



characteristic point of the virtual distributed file server system 6 is that it includes each 
file load status information holding sections 16-1 to 16-n that hold the information of 
load status for each file (load status information for each file) held (in the storage 
devices 12-1 to 12-n) of the own server, in the file servers 10-1 to 10-n constituting the 
5 system 6. Therefore, the function of the virtual distributed file system 61 , being the 
center of the virtual distributed file server system 6, is partially different from that of the 
virtual distributed file system 41 in Fig. 4. However, for the convenience sake, like 
reference signs (41 0-1 to 41 0-n) are used for the virtual distributed file modules for 
each file server 1 0-1 to 1 0-n in the virtual distributed file system 61 . In Fig. 6, 

1 0 components (virtual distributed file interfaces, local file interfaces, and communication 
modules) in the virtual distributed file modules 410-1 to 41 0-n, and the mapping tables 
and the server information holding sections on the file servers 1 0-1 to 1 0-n are omitted. 
[0068] The each file load status information holding section 16-i (i = 1 to n) has the 
data structure shown in Fig. 7(a), and holds the load status information for each file 

1 5 including the information indicating the load status for each file in the own server, the 
information indicating the attribute of the file (file attribute), and a replication flag. The 
file attribute indicates whether the corresponding file is the original or a replica (copy). 
When the corresponding file is the original, the replication flag indicates whether a 
replica thereof has already been generated on the other server side, that is, whether 

20 the replication has been already made. 

[0069] In Fig. 6 is shown the situation in which a replica 612 of an optional file 611 in 
the storage device 12-1 included in the file server 10-1 is held by replication B1 in the 
storage device 12-n included in the file server 10-n. 

[0070] The operation of the configuration shown in Fig. 6 will be explained. The 
25 virtual distributed file modules 41 0-1 to 41 0-n on the virtual distributed file system 61 



refer to the each file load status information holding sections 16-1 to 16-n, for example, 
regularly. When having detected that a file having a load exceeding a first threshold 
exists in the files held by (the storage devices 12-1 to 12-n in) the own server, from the 
load status information for each file held by the holding sections 16-1 to 16-n, the 
5 modules 41 0-1 to 41 0-n perform the replication operation for generating a replica of the 
corresponding file asynchronously with respect to one of the other servers, for example, 
via the private communication path 5 by inter-server communication. Here, the load 
status of the file is the sum total of the number of requests in a request queue with 
respect to the file, or the size indicated by the requests in the waiting state of the file, 
1 0 and is updated every time a request is accepted and every time the request is 

processed. For the server to be replicated, for example, a server having the lowest 
load may be selected based on the server information held in the server information 
holding section (not shown). 

[0071 ] When having performed the replication operation, the virtual distributed file 
1 5 modules 41 0-1 to 41 0-n sets the replication flag in the load status information of the 
corresponding file held by the each file load status information holding sections 16-1 to 
16-n in the own server to a replication notification state. The virtual distributed file 
module of the server to be replicated adds the load status information of the 
corresponding replica to the each file load status information holding section of the own 
20 server. 

[0072] Here, as shown in Fig. 6, it is assumed that replication B1 of the file 611 held 
by the file server 1 0-1 is performed with respect to the file server 1 0-n via the private 
communication path 5, and a replica 612 thereof is held in the storage device 12-n of 
the file server 10-n. In this case, the replication flag in the load status information of 
25 the file 612 held by the each file load status information holding section 16-1 in the file 
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server 10-1 is set to the state indicating that replication has been finished. New load 
status information relating to the replica 612 of the file 611 is added to the each file load 
status information holding section 16-n in the file server 10-n. The file attribute in the 
load status information indicates that the corresponding file is a replica (612) (of the file 
5 611). 

[0073] Thereafter, when there is a new read request of the file 611 from the client 2, 
(the virtual distributed file modules 410-1 in) the file server 10-1 holding the file 611 
checks if the load of the file 611 exceeds a second threshold (second threshold < first 
threshold), and if the load exceeds the second threshold, the file server 10-1 does not 
1 0 respond to the request from the client 2. In this case, the file server 1 0-n having 
accepted the replication responds to the request from the client 2. Here, the file 
server 1 0-n does not have to consider whether the file server 1 0-1 responds thereto, 
and may respond to the client 2, so long as it has the replica 612 of the requested file 
611. 

1 5 [0074] In this manner, since the file server 1 0-n processes the new read request with 
respect to the file 611 from the client 2 by using the replica 612, in the file server 10-1 
holding the file 611 , the processing with respect to the read request of the file 611 , 
which has been accepted before, progresses, and the load of the file 611 becomes not 
larger than the second threshold. Then, the virtual distributed file module 41 0-1 on 

20 the file server 1 0-1 transmits a request for deleting the replica 61 2 of the file 61 1 to the 
virtual distributed file module 41 0-n on the file server 10-n, for example, by inter-server 
communication via the private communication path 5. 

[0075] The virtual distributed file module 41 0-n on the file server 1 0-n having received 
the request performs processing only for the already accepted request by using the 
25 replica 612, and thereafter, deletes the replica 612 and the corresponding load status 
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information. On the other hand, when there is a new read request with respect to the 
file 611 from the client 2, the virtual distributed file module 410-1 on the file server 10-1 
responds thereto. 

[0076] Since the read request with respect to the file 61 1 is accepted by the file server 
5 10-n, according to the replication of the file 611 from the file server 10-1 to the file 

server 10-n, the load of the replica 612 of the file 611 in the file server 10-n may exceed 
the first threshold, before the load of the file 611 in the file server 10-1 becomes not 
larger than the second threshold. 

[0077] Therefore, in such a case, the file server 1 0-n generates the next generation 

1 0 replica in another server by using the replica 612, that is, performs replication of the 
replica, and allows the server to handle the read request with respect to the file 611 . 
For this purpose, as shown in Fig. 7(b), the load status information for each file held by 
v the each file load status information holding section 16-i (i = 1 to n) may include the 
generation information of the file, in addition to the load status and the replication flag 

1 5 as shown in Fig. 7(a). 

[0078] In this case, at a point in time when the load of the replica of a certain 
generation becomes not larger than the second threshold, the server having the replica 
can perform management such that the next generation replica held by a server, to 
which the replication has been performed, is deleted. At this time, when the server, to 

20 which deletion of the replica is requested, has generated the next generation replica in 
another server, the next generation replica can be also deleted. As for at least the 
load status information of the file relating to the replica, with regard to the same file 
(including the replica), a server holding the file having the lowest load may respond to 
the read request with respect to the file, by making the contents of information agree 

25 with each other between respective servers, as with the server information described 



above. 

[0079] Recently, there is an increase in data, which is basically for readout, and has a 
relatively large size and requires a certain degree of response (band guarantee 
according to a case), such as streaming data for video and audio, or contents of the 
5 World Wide Web (WWW). For these data, since accesses may be concentrated on a 
specific data (file), securing the response may be difficult. The configuration in Fig. 6 
assumes such a situation, and when accesses are concentrated on a specific file, 
replication of the file is automatically performed, so that the access to the file can be 
distributed. This configuration can be used not only for load balancing, but also for 
1 0 backup of a file of great importance. 
[0080] 

[Fifth Embodiment] 

Fig. 8 is a block diagram illustrating the configuration of a computer network 
system to which the virtual distributed file server system according to the fifth 
1 5 embodiment of the present invention is applied, wherein like reference signs refer to 
like parts in Fig. 4. 

[0081] In Fig. 8, reference sign 8 denotes a virtual distributed file server system 
corresponding to the virtual distributed file server system 4 in Fig. 4. The 
characteristic point of this virtual distributed file server system 8 is that a network 

20 configuration is applied such that the file servers 1 0-1 to 1 0-n and the storage devices 
12-1 to 12-n are connected with each other, for example, by a fiber channel arbitrated 
loop (FC-AL) 80, so that the respective file servers 10-1 to 10-n (as a host) can share 
the storage devices 12-1 to 12-n (as a target) (that is, multi-hosting is possible). Here, 
it should be noted that the private communication path 5 is not provided, different from 

25 the configuration shown in Fig. 4. 

20 



[0082] In the configuration shown in Fig. 8, the inter-server communication, 
performed via the private communication path 5 (by the communication modules 
413-1 to 413-n in the virtual distributed file modules 410-1 to 410-n) in the configuration 
of Fig. 4, may be performed via the network 3 as in the configuration shown in Fig. 1 
5 (Fig. 8 illustrates this state). The inter-server communication may be performed on 
the FC-AL 80 via an interface for connecting the storages in the file servers 10-1 to 
1 0-n. In this case, the load on the network 3 can be reduced, in the same manner 
when the private communication path 5 is used. 

[0083] According to the configuration of Fig. 8, since the storage devices 1 2-1 to 1 2-n 
1 0 can be directly seen from all file servers 10-1 to 10-n, the replication operation and load 
balancing as described in the fourth embodiment can be easily performed, by 
providing the each file load status information holding sections 16-1 to 16-n shown in 
Fig. 6 to the respective servers 1 0-1 to 1 0-n. The network (interface) capable of 
multi-hosting is not limited to the FC-AL 80, and may be a small computer system 
15 interface (SCSI) bus. 
[0084] 

[Effects of the Invention] 

According to the present invention described above, clients can handle a 
plurality of file servers distributed on the network as a single server, and clients do not 
20 have to consider the number of servers and the connection state of the storage 
devices. 

[Brief Description of the Drawings] 

[Fig. 1 ] A block diagram illustrating the configuration of a computer network system to 
25 which a virtual distributed file server system according to the first embodiment of the 
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present invention is applied. 

[Fig. 2] A diagram illustrating an example of data structure of a mapping table shown 
in Fig. 1. 

[Fig. 3] A diagram illustrating an example of data structure of a server information 
5 holding section shown in Fig. 1 . 

[Fig. 4] A block diagram illustrating the configuration of a computer network system to 
which the virtual distributed file server system according to the second embodiment of 
the present invention is applied. 

[Fig. 5] A block diagram illustrating the configuration of a computer network system to 
1 0 which the virtual distributed file server system according to the third embodiment of the 
present invention is applied. 

[Fig. 6] A block diagram illustrating the configuration of a computer network system to 
which the virtual distributed file server system according to the fourth embodiment of 
the present invention is applied. 
1 5 [Fig. 7] A diagram illustrating an example of data structure of an each file load status 
information holding section shown in Fig. 6. 

[Fig. 8] A timing chart for explaining the operation of the embodiment. 
[Description of Signs] 

I , 4, 6, 8 ■•■ Virtual distributed file server system 
20 2 -Client 

3 ■■■ Network 

5 ••• Private communication path 
10-1 to 10-n - File server 

II , 41 , 61 - Virtual distributed file system 
25 12-1 to 12-n - Storage device 



13- 1 to 13-n • Local file system 

14- 1 to 14-n ••• Mapping table 

15- 1 to 15-n - Server information holding section 

16- 1 to 16-n • ■■ Each file load status information holding section 
80 FC-AL (interface capable of multi-hosting) 

110- 1 to 110-n, 410-1 to 410-n ••Virtual distributed file module (Management module) 

111- 1 to 111-n ■■• Virtual distributed file interface 

112- 1 to 112-n - Local file interface 

113- 1 to 1 13-n ■■■ Communication module 

611 -File 

612 - Replica (of the file 611) 
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[0 0 3 7 ] RfcH 1 ©*J»©»fls*rtt9!i-5. #3US 

7£fST*te, h2^b(l §7rV^t-^l 

0-1, 1 0-2<£>n— */U77^^^TA 1 3-1, 13 
-2-Cf*ft<-C, IKS»»7 7>f^f^l HW^y 

tt, {sjy^77^/vW^«LfcI.^ {Rffi# 
Wl7t4/^^J^ i i^|IS£tLT^5^:7T^Alf 30 
-z^io-1, 1 0-2l£#tL-CPJ— co^*^r5StTi-^o - 
<£>#-g\ Wl&tf I P (Internet Protocol) ^r/U^^-Y^ 

,[0 0 3 8] 77-f^t-^lO-l, 1 0-211, * 7 4 
77^/^^-^l 1 0-1, 1 1 0-2[C^-T o -T£ 

i o-i, i i 0-2 (\H<nmg/A1k7 T 40 

4 A"<^$7 ^ — * 1 1 1-1, 1 1 1-2) tt\ -tC0^5^ 
[0 0 3 9] ^ ^7^7yh2H077>f^ft 

fl^sas^r^Aoi^mL^fcfc u< 
r-r^co^r-f A£ m&7 r 4 &<DlKMfrllk7 r 4 
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[0 0 4 0] Ki^f7 7-<^ ; tv ? i-/H 1 0-1, 1 
10-2 (fo<D{fcmft\&7T'(/\'4>'?7=.—*l I 1- 
1, 111-2) (1, ^7^/yh2/l^W77^^1^ 

g#as 77^ swmz-m u»* tu< &*ss#<& 

ct "9 Si^— /<F*9C0-^y fc'V'/'r— :/Al 4-1, 1 4-2 

#11, ^^77^^WBI^^OT-7'/H 

4-1, 1 4-2i*)^v h y ^coBlfffifaHWW^-f — yuKl 

-/<rt hu- i^jfiffii 2-1, 

i 2-2) (c^$nr^5^ ; s : ^^i^-<'5 0 

[0 0 4 1] tU ^^ttfc^r-r^^Sif-^i^^ 

1 1 0-1, 1 1 0-2 (ft<OtiLB&WL7 7 4 A-f S# 7 

— ^ i ii-i, 111-2) 12, P-^^77-f/Ky^ 

7m— ^ 1 1 2-1, 1 1 2-2(Ci 19 gU— ./<|*J<7.)a— # 
^77-f/^f^l 3-1, 1 3-2^1X^77 

-fAlcT^ir;*U ^7-f7y h2^t^f 0 — 

[0 0 4 2] ^tUcMU ^7^7yh2^b(Og*iS 

tzWi^n, fia^Wc^r^/^v^a— yn 10-1, 1 

1 0-2H, (*^:y 7'yH 4-1, 1 

<T) l 5-1, 1 5-2Sr#Pfi-rSo * 

ur, it— ^w«ft«r«i 5-1, 1 5-2fc««rSixT^ 

v^fi^^locc>f-/U o-i (itti^fcli 

2) ±(DiRm^Wc7T4^^^—^l 1 0-itfftt^ 

1 0-i ±<DfiLmfrfflL7 7 4 ^it^—^l 1 0-iH, ^ 

-/<10-i (^hU-v^ltl2-i) co^^lHH^fi 
^Sftt>^*V^i:^pJ£•C#S«'&^C, ^7^7Vh2^P) 

[0 0 4 3] /«c*5 % ^It—^^^-y— /^W«co^i-*#iSr 

[0 0 4 4] ZOfifelc, -r^hry^f-^U-iO* 
7 7>f^S^yK , y^W^ 9 
gf 1 2-1, 1 2-2<OfflJ*OflEffltttH,^b) > 
-v?gfl2-1 ( 1 2-2±lC««T*tt4*tt«**r# 



// 

«pffll 5-1. 1 5-2tt^i"Lt^ffi"Ctev\ 
[0 0 4 5] Sid, ffl*Btt#ftfc*«ttK&««-C# 

[0 0 4 6] 0-i±<7>{&®#ifc 

7x- * i l l-iteJ: 0 * TV h2i»6©K* 

fiv*^ h y<Offr«£:, a— */U77^/K >-*7:n 
— * 1 1 2-i^Un-^/U77-f/^rA 1 3-i 
lC<fcfltTV\ -7^^7-^14-1, 1 4-2fCgS^ 

-rz^ hy 

[0 0 4 7] Sffi7 7^^W, J&VMiT^ h y 

^77^^^-^! 1 O-iT'H, glr— ^_L<7)^ 
^/ tV^r-^H 4 - i {c&mi,fz%rtc te^ls h y t(f« 
fciHS^ev^— /n l 3-HCj;<9^s/ h 17 — ^ 3£r^L 
"Cm^TOI^— y<l 0-j (jl*l£fcl*2, lILj^ 

i) ±(DiRm y AW:yT^^^^—^i i o-j 

5 0 H»»77^^^^-^i i o-j (rta>fl&B 

»»77^;K^7i-^l 1 1-j) I*. ««l$MBc7 

r-f a^s?*.— yvi l o-iA^i^^tb^c^^b^^T— 
7VH 4-i©xy h y fltaSriHf yw i 3-jS- 

^r LTgtf ^iw^-zn i o-j (ft^vr 
y^7x-^i i i-j) is, gttfto/tteif-— ✓<! o-i 

lc % 77-f/HJ'— '<l o-i, 1 1 o-2±o<K3B^«c^r 
-Y/^^a-zn 10-1, 11 o-2^t@sic-^^ tr^^ 

7-^14-1, 1 4-2^SfaS»StL^>'h y«« 

"C, SK^^tf ^/fT— X/H 4-1, 1 4-2CDrt^<D— 

[004 8] 77^/^-^10-1, 1 0-21© 

68*177^/^^^^! 10-1, 11 0-2f3:, g 
1^-/^±c0^w^S#^:^ 1 5-1, 1 5-2lC«*££*l 

«« GStEIKML &3£}fflWK3EiH- 

113-1, 1 1 3-2KJ; «9) *y h 17 — ^ 3^Ltffi 
(^TcOiJ— ^ (±<7>^ffi#ifc7 7^>^v^ — /H 1 
.0-2, 110-1) \Z!£M1ftlci£Z>ZhX% #77^f/H- 
— a<1 0-1, 1 0-2<B1f— 'M»8KBJ*SS1 5-1, 15-2 

-yH 10-1, 11 0-2.tt£fflW^-y-r-x<««Sr35»U 

[0 0 4 9] ^l^imaot, 77^f^t-^10 
-1, io-2*a»»fc5M»-ttiilBiff*«ii**tr 
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^7-fryh 2t£tt|IBlCte7r^A4— '<ri*2-& 
(»[»•&) fc5Ci£ScBSfc$-fr-n^ «^77^^ 

[0 0 5 0] &:}b\ [Hi G0^7xA<Z)#iJl?f*1f-— s<&2 
[0 0 5 1] [»2<Oj|jftJgli]"|2l4tt*«M<OM2<35 

[0 0 5 2] I2 4IC*5V>T, «^S7 7-f/^t- 
7.7A40^-L^^i-^®^t5c7r-f'/^v / 7.-r^4 1 
tt, n^77^f^t- '<1 0-1— 1 0-ntC^tJcUT^ 

i£StbTv>-5o ^<o<K2B5J-»7r'f^^7 t ^4 11*, 

11 1 foM»t77^^7^ 1 1 tmmc ^7 

r^f/W—- 0-1—1 0-nO77'f^S:iK^W^fI 
U #77^^-^10-1-10^^^(0 

7A^7^7y h 2tC;#LT2§{*LTV^o {£ffi#gc 
77^f y^v-7,^^4 1 13, #77^/^-^10-1^1 

o-nji-e^^-rrv h 2^bo^t^at6«M 

77^/^^-/H 1 0-1 — 4 1 O-n^Ltl/^o 
^^a-/U4 1 0-1 — 4 1 0-nf*. m 1 ^OTi/^-zU 
l l 0-1, l l 0-2iW«o«*T?*5, iRffl»«7r 
-Y/WV^7*'— 7,4 1 1-1 — 4 1 1-ni, #A-7 
7-OW y^7x- 7, 4 1 2-1 — 4 1 2-nir, iift*^ 
zl— ;l/4 1 3-1 — 4 1 3-ni^o 0 {fib, #SSJf£712ffi 
30 tCfcttSiiif^rv^— yU4 1 3-1 — 4 1 3-nfi, Blf 

oiiff^e^a— /n 1 3-1, 1 1 372t»4 9\ «3fi-T 

[0 0 5 3] 7 7>f^f- '<1 0-1— 1 0-nfi^s' h 17 
3^Lt^7-YTy h 2 tM^tltV^o 7r 
y<l 0-1—1 0-nti, ^5>fc77-r^v-7-7 
ai Zrtiffnmmy-— /<l 0-1-1 0-nic:^ 

^^tVfcTL h^ill 2-1-1 2-2£<ff3|&-r3P — 
^//^77'1'^v'^r^ (n-^;l/77^/^7i») 
40 13-1-l3-2^glt^So 7 7^44^10-1 
— 1 0-n(cri, vyf^7^/H4-l-14-n^ 

y <flMiMR«rtt 1 5-1-1 5-2i3ftSK^t^i^Tv^5o 

[0 0 5 4] H4W*fiE©fiSj»[77'f^t^^ 
^fAU^ot, '>77A^rMt577^^t 
^^1 0-1 — 1 O-ndSjt? ^ 3 tnmcOZf^-f^— 

5(? VM±77^f 'y<^-Y^J^ (Fibre Channnel) ^"CfeS* 5 ^ 



13 

El4<008x^<*S&2©^LT^5d^ /i^-^^ 
[0 0 5 5] H4©«ri«C*iV^-C, 7r^f/^10 
M77^^ : e> ? a-/l/4 1 0-1 — 4 1 0-niCj: «9 ) # 

« • mWjf1- r ^tT9 fcafrfctt, Hflism l coH2fS3fgJ»"C<o 

4-1— 1 4 -n, Xt^-b— ^<W««»SR 1 5-1—1 5-n<D 
f*J^£, 0-1-1 0-n(^-Cffi'(C-Sc>fb^iirT 

£K£>^k£ 0 L;$>U t-/U0-1-10-nffl(Offif 
#-§cte£, Bd1S»loHlS?Kffii:l^«{c:^y hl7-^ 

J* 4 ^Mfs y 7 -f y<0-&»a$ltllP Lfc»&K 

-< s/^jftSJtiWU * y h 7-^ 3 ±co^;u-y y h Sri 

loose] *r-e*jOifc«ni (i2^s»i) -e 

te, lil4^1»rit©J:5Jc % ^77^/^^10-1-1 

7 7-l'/^v ! a-yU4 1 0-1 — 4 1 — 
A- 4 1 3-1 — 4 1 3-ntCj: VftfrtlZ-y— '<fflMiW K> 
fiPV^y tV/f- 4-1—1 4-n, '<f§ 

SHfcfSSBi 5-1-1 5-nOft^£~§MbiT£fca6<DlJ-— 

[0 0 5 7] ncDipJ^iafcifKfB-Cfi, vy^T 
— yOU 4-1— 1 4 -n, 1 5-1 — 

1 5-nCOF^SO— &ik<Dlt1b<0'V—'<mm<tk£. *V V 

•J: 9, K!7-^ 3 <BAffi©e««rlsl5 

[0 0 5 8] [fg 3 W-bfca^fcSS 1 , * 

^Lfc 0 icofgi, » 2 o*16*«t?#BH UfcH l , HI 
[0 0 5 9] ^rr-C, ^^^-^ 

[0 0 6 0] *i\ H4|c^U^fiffll»»7r>r^- 
/^TA4, gp^n^«7r^^t-^l 0-1-1 0 

m5 (a) {C^-Tct^t^ rrt^7r^^t-/uo- 
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(n+1 ) Srii^Pf 5 t> <£> i: -t 5 o 

[0061] Koi-g-, mn^titcyr-f/^-^ 1 o 
-(n+l)lct)M^nt^6«^i!(77-f/^rA4 
l±^){Sffl^1&7T-r/^v ? zr-/U4 1 0-(r*H)W\ U6 

7^^t-/<10-J-10-nWU B5'(a) lc£>^ 
tfffA l T^r J; ^ (^Jx^El^^:^7 p 7^-<— 

T-^/H 4-1- 1 4-nCO^n^ h V tS 

/<? «fipspi 5-1—1 5-ncoif— ^<«>y 

[0 0 6 2] ^rO±X% ii*P$4xfci^— x<i 0-(n+1)± 
1 O-Cn+Dte, ^7 7^^^! 0 
-1—1 o-nco 9 ^>cov^-fti,^^i^— Mx-l^yr^^ 

y—/<i 0-1^, i5 (b) ic*jv>r^F-^A2-c^-r 

J: 5 te, 7^^7-^/w 4-1 Jfc^— ^flMWSM* 

^ 3, V^y^T — zf/V 1 4-(n+1)&^w5f»««fiPSlS 1 
5-(n+1)^=3tr— f S. 
i0 [0 0 6 3] SctC. ilAP ^tLfc 7 r-r^— '<1 0-(n+ 
1) JtCQ-^v^ — yU4 1 0-(n+1)tt, 3 fc°— «0>1J— /*ff 
g^l5-(n+l){CMU B5 (c) |C*3V^T«F#A 

[0 0 6 4] U*»-5«lC7r^/H^— ^ 1 0-(n+1)_Lco 
^y^-/L-4 1 0-(n+l)|j\ HI 5 ( d ) (Cl^l^T^-^A 
4-C^t«tp(C, i^-^<^ilif ICJ; Ui^7 7'f^t 
w<i 0-1-1 0-ni:#UtH-^fi©-»ft8*t 

30 [0065] u±.<D—m<Dmmc£ v , mzmmztix 

v^«^t77^^f^^rA4^U, mm 

\cmtzt£V—^ (77^/vt-/uo-(n+D) ^ii^/p-r 

[0 0 6 6] C!g4<0|lifi^ffi] H6tt*aSMO»4<0 

40 TZ^^fzi. — ? - ^.-/ h 17— J*<nmf&$:7Flr 

[0 0 6 7] IU6^C^V^-C, 6ttH4^(OiRffi^»7r 

-f x ^ 4 k:« S i" 5 ffiffltfMK ^ r ^ 

^^fATfe^o ^Ofii»»77^^t^^7 L 
A6(^)»lt S^7A6«t6 7 7^/^" 
/U0-1-l0-nfc (^M/-^iil 

2-i—i 2-n) .^c^^F$tlrv^^7r-r/^^cov^x^D 
50 7r-f/^siJAW««flMR«»«i 6-1-1 6-nSr«x.r 
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^f^eoW^WfiiM^r^^^fAe ico 

#7 7^^-^! 0-1—1 O-nfefDifcfflftfflLyT^ ft> 
*v?a— /HCttflESWJcH 4 tW— (4 1 OH — 4 
1 0-n) ^l^tl^c ft*5, HBttt, ^e^a— /U4 
1 0-1-4 1 MBBiJ'R^T^/^ ^ 

ol— yU) , RU""7T>fyMh--'<l 0-1— 1 0-nJiCO-^ 

[0 0 6 8] 7r-f/^8'J*1»*Ca««(ft»«l 6-i (i 
= 1-n) fi, HI 7 (a) \C7jkiTT'-?ffim&ft*>, § 
1^— ^F^07r'f^S^A1Bf*»£Sr^i"Wat, ^<o:7 

y -jr— > 3 ^77^11 ttfoirz>7 7y&*y it-f/w 

[0 0 6 9] H 6 Kite, 7r^^t-^10-n»O7 

x hv— ^gfi 2-ip^co{£fico^r-f ^6 l icou^ 
y # 6 i y yBi kij: flfi^snri^ 

[0 0 7 0] H6©««olWS:R«t«. 

»»77H'^^7 t ^6 ll©#ISS»S7 7>T^ ; t^ 

a.— a-4 i 0-1 — 4 l o-nte, y r 4 '*'W&ffiW.VLfc& 

6-1-1 6-n«r«*.tf3eJBWlC#Ra-rS. 
T^-v>^— yU4 1 0-1 — 4 1 0-nte. ftSSl 6-1-1 
6 -nfcflfc# £ tit V ^ -5 7 r 4 ^'JCO AUffttSflf & , 
gi>— ^ (GO* h 2-1- 1 2-n) 

\cn itMt^ 77-f/wi//y^ sr^wjH^iia-r 

5 u^y v-3 ^Bbf^Sr, Wx-tf:/^^— hiiff K 
^«j*Stt-cv^S1^-^«a^S<5v^. «»Jx.tf Affirm 

[0 0 7 1] «M77.^^v ; ^^4 10-1-4 
r-f/^8'JAW«»«««»«l 6-1-1 6-nKffc»$;ft, 

x v > 6 -6 7 r -f /wo A*tt«ttr« ^ co u ^ y ^r- 



(9) W2 0 0 1-5 1 8 9 0 

««rt!lS:fli»n-*-6. 

[0 0 7 2] rr-OI*, E16tc^-rJ: 7 7^^* 
— 1 0-1 C0^^p-r^> 77-f^6 1 i couy>}) >T— 

1 0-niC^tLTtT^tuT, ^^^9^/6 12^^7 
10 '<1 0-nCO^ 2-nlC<&^£;h, 

/c^CO^-f^o wCO^^. 77-f^f-^l 0-1O77 

>r y^au a w«aflwafft»« 1 e -1 ic&n ztix^z?? 

tr—isa >>«***fttJBfc:-tr* h£*i,6 0 3 

JSSFPl 7 7 ^^6 1101/7 P y^6 12(CO 

A 6 1 1 CO) U^y ^ (6 12) T'fe^rt^to 
'20 [0 0 7 3] £Xt£, ^7^7yh2*^77^^6 1 1 

1^*^*5 7 7^^-^10-1 (co<£ffl^*-7r-r 

/Wtv^ — A- 4 1 0-1) te, ^*77-<^6 1 1C0A# 

d^co^tr^UTte, U7°y -fir— i v^r§:tj--^"7r 
-f/vi^— x<i o-n^^i"5o ::x*77-i'yvt-/< 1 

30 -T3iK*tt!fc<, I*^tlt77^f^6 1 lCOUT'y^ 
6 1 2$r^-r5PS , 9, ^7^f7yh2C«tMJ: 

[0 0 7 4] ^COct^tC, ^ 7^ h 2frh<Dy T ^( 

6 i 2^m^^xyr^/^—xx o-ntfimttz r ^ 

-C, *©77>f^6 1 Ifc«»t5 77'f/H-^1 0 

-i"t?tt, **LK"W^S*t#'tfca«"-7r^^6 i l l-*t 

^5^mU^0O^l^ii^, ^77-f^6 1 ICO 

y<i o-i±©iKffl»»-7r-<^ i e^*'-^4 l 0-lte, 

7 7^/^f-^l 0-n±C0{gffi^®:77--r/^v : ^-— 

4 10-nMlt, 77^^6 11C0l/7 P y^6 12?r 

[0 0 7 5] wCO^*^S*t^7r^/^— ^1 0-nii 
^fif^S77-f^^i-^4 1 0-nfL UEtC^lt^ 
It^^CO-g^tC^J-UTcO^UT'y ^7 6 1 2&/8V>T#L3S 

s:ffv\ b^^^^u-^y # 6 1 2 ^^jc-rsA^a 

50 »»77'f^ i E^-;U4 10-1lt ^^-rr^h275^ 
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[0 0 7 6 ] i:^5T% 77^^t-^10-1^b7r 
7r^f /Hf— ✓< 1 0 -n"CS*t Wit £ <£ 5 o fcJS*. 

7 o-itc&tf s^r-f a-6 i icoA^f^ 

ItS 81*77^^6 1 lO^il^ 6 1 2 05ftW* s Sl 

[00 7 7] ^-C\ ^41177^^ 
If— '<1 O-n^u^y # 6 1 2^^t^tft(?)l/7 P 

fclcHU 77 ^8'J*W«»«««««I5 16-1 ( i = 1 
-n) fc^SixS7r^/^»©A««»««lc, H7 
(a) ic^bfcJc^^^iair^^y^— ^9^75 

^(c^jp^r, tH7 (b) ic^-r^^i-s ? r s< wisttt 
tim&ftttztz^o '20 
[0078] jfesttftoi/T 1 !) #0>AWas± 

icllia Lit 7 7 yKZ>JMff*«flHWcov^T itfrfB L 

[0079] ftfi-ett, trx^-, a-— ^-f sr^o* h y 

— ^stf^r — j^V^iWWW (World Wide Web) CO 

Lfc^- *fi, ^ (77^^) 

6<D#fj#fi, ciLfcttaiS^Ufct)^ 

S5 V>7 r >f W< y97v <5 ^ t i> *imx&> 

[00 8 0] 5 OSSiEUBffi] HI 8 \tt&W<Dm 5 GO 
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[0 0 8 1 ] [g]8^^T, 8tel£l4 f(OfiS^t7 7 
>f /U-^— ✓ < VJ* A 4 Idffl a -T 5 {RSMMft 77-T /HJ— 

A8^<KptStt, 77^^t-/<l0-1-10-n ( RV** 
hl^-^ln-l-n-n/l^ PJ^FC-AL (Fi 
bre Channnel Arbitrated Loop) 8 0 tCcfc 9 
tt, (** h £ UTco) ^7 7>f^t-^ l 0-1— 1 0 
-nri>tb (#—?yVk\^X<D) 7FU«^tl2-1- 

Affile £4xfcv\, 

[0 0 8 2] r0O^]8COWj*Tfi, H]4COl?ftfUC:&^T 
(4&WAi&7 /U4 1 0-1 — 4 1 0-n6Oii 

jf^^a-/l/4 13-l-4 13-n(a^) ^7^^— H 

7 7^/^t-^ 1 0-1—1 o-nco^ h ^—-y^MM^-i 
y^7x^^UFC-AL8 0±-C??5 £ 
Tt)J:V\ rco^, ^7^^- hmt\&5&m^^fz(D 

[0 0 8 3] ID 8 itbfi, * h v^S 1 2 

-1—1 2-n^T07 7-f^t^l 0-1—1 
B.&kC&*_Z><DX\ #U— 1 0-1—1 O-ntCHie+cD 
7 7>f/^Jftfif*»»««»ai 6-1-1 6-n£*Sfci±- 

*) I1FC-AL 8 0|CP^6 1 b6O-e^4< , SCSI 
(Small Computer System Interface) /^tfcott) 

[0 0 8 4] 

sx h7-^±lc»tLfctt»077^/H/-^S:, 
-^■feSc-^^ h^v>it©M«M^7^7yMc 
[0 0 8 5] *fc*»WJCJ:*ttf, i^-y^ittXbTt^i 

[0 0 8 6] 3ElJi**WK:intf, ffi»<oi^-^M-es 
[Hi] *»W^!Bi^*lS»tt^«Sfi*»tk7T>f 

[g]2] 1 q>(0-* y fy>/7 i -7'/K7)f-^M^^ 



-10- 
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[134] *»W©«2 0jBli»«lc«a(Ea»flk7r>f 
yu-^— /<->\*x A&SUfl-t" 5 > t°oL — ^ • ^> ^ h 17— 

[EI 7] lil6 4 1 ^^r^^»m^^f»#»^co^'- 

[as] m&Mmm(DMft*wiw-rz>*>( $ is 

[«F*©tt«] 

1, 4, 6, 8-iRS5->ft7r>r^— ^^-r^ 
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3 • h !7 — ^ 

1 0-1—1 0-n-77'f^t-/< 

11, 4 1, 6 1 -M^t7r-f/^r^ 

1 2-1—1 2-n— * hU-i/gg 

-1 3-n- o— jiJ^V y << ^^s^y- J* 
< 1 4-rv ^ \?>fr — V)V 
1 5-1-1 

80-FC-AL (-^/U-^jJn^ h «T^-f y^7x- 

1 1 0-1— 1 1 0-n, 

7 -f is =i. — /V 



1 3-1* 
14-1- 



4 10-1 — 4 1 0-n • 



7 A yi^ir V =l — J\s UTSB-tV'ji. — /V) 
1 1 1-1—1 1 l-n"«5Jt7r-f/K — 
1 1 2-1—1 1 2-n-0-7^^77'<M>'^7x- 
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